and ACTH of <10 pg/ml). The following exclusion criteria were applied: somatic features of Cushing syndrome; suspicious tumor imaging phenotype; primary hyperaldosteronism; classic or nonclassic 21-hydroxylase deficiency; increased 24-hour urinary excretion of methoxycatecholamines; renal failure; current or previous corticosteroid therapy; and other conditions that disturb the function of the hypothalamic-pituitary-adrenal axis (depression, alcoholism, or past pituitary surgery). The study group consisted of 25 patients referred to our hospital between the years 2007 and 2010.
All patients underwent abdominal computed tomography without contrast medium. For tumors with a density exceeding 10 Hounsfield units (HU), the diagnostic workup included also the assessment of the absolute contrast washout coefficient on the basis of density measurements at 1 and 10 min after administration of the contrast medium. In all patients, we determined the cortisol concentration at 8:00 AM and 10:00 PM and the following morning after administration of 1 mg of dexamethasone at 11:00, the blood levels of ACTH, dehydroepiandrosterone (DHEA), glycated hemoglobin (HbA 1c ), and lipid fractions. To exclude tumor hormonal activity other than cortisol production, we collected 24-hour urine samples for the measurement of methoxycatecholamines, assessed plasma renin activity (PRA) and plasma aldosterone concentration (PAC), calculated the PAC-to-PAR ratio, and measured 17-OH-progesterone (17-OHP) levels.
Cortisol and DHEA concentrations were measured using a chemiluminescence assay. The levels of 17-OHP and aldosterone as well as PRA were determined by the radioimmunological method, whereas the ACTH concentration by a radioimmunometric assay. The HbA 1c concentration was measured using high-performance liquid chromatography.
During the radiolabelled norcholesterol (NP-59) scintigraphy, the radiotracer activity was determined at 72 and 144 h after administration. The examination was assessed by semiquantitative analysis.
Unilateral laparoscopic adrenalectomy was selected as the method of surgical treatment. Hydrocortisone at a dose of 150 to 200 mg/d was administered parenterally on the day of the surgery and on days 1 and 2 after the surgery. Then, the treatment with 30 mg of oral hydrocortisone daily was administered. The dose was reduced individually according to the patient's clinical status (usually by 5 mg every 1 to 2 weeks) at ambulatory visits.
During the second month after the surgery, the concentrations of cortisol and ACTH at 8:00 AM (24 h after the last dose of hydrocortisone) and of cortisol at 10:00 PM were determined, and the same tests were repeated 6 months after the surgery. The dexamethasone suppression test with the measurement of the cortisol concentration was performed 6 months after the surgery and then after 1 year.
with subclinical Cushing syndrome and poorly controlled diabetes, an improvement in glycemic control was achieved following a surgical treatment. 13 Thus, some patients benefited from adrenalectomy, even if hypercortisolemia was subclinical. However, a number of reports have questioned the benefits from surgical treatment in patients who have tumors with subclinical cortisol secretion. 14, 15 Patients with bilateral tumors and subclinical hypercortisolemia pose a significant problem as far as the indication for surgical procedure is concerned. So far, it has not been unequivocally determined whether imaging enables to detect a tumor with excess cortisol secretion. Catheterization of the adrenal veins with the determination of adrenal veins/peripheral veins cortisol gradient is an invasive procedure with limited availability in Poland. The available reports emphasize the need to perform this examination as part of the diagnostic workup in patients with primary hyperaldosteronism; however, it has been used less frequently in patients with hypercortisolemia in bilateral adrenal tumors. [16] [17] [18] [19] The iodomethyl-19-norcholesterol scintigraphy is considered by some authors to be the gold standard for the assessment of incidentalomas 1, 20, 21 ; however, they mostly described unilateral lesions (85%-95%). In the case of bilateral lesions, a larger tumor was most often hormonally active on scintigraphy. As a general rule, it is the adrenal gland containing a larger tumor 22, 23 that is removed during unilateral adrenalectomy. In some centers, patients with bilateral adrenal tumors undergo a selective procedure-excision of the tumors only. 24, 25 However, if the lesions appeared in the course of ACTH-independent macronodular adrenal hyperplasia, regrowth and recurrence of the disease are likely. In such cases, only a bilateral adrenalectomy ensures complete cure. 26 However, it is a mutilating procedure, which leads to iatrogenic adrenal insufficiency. Despite the use of the lowest possible doses of hydrocortisone, substitutive therapy results in supraphysiological concentrations of cortisol 27 and, sometimes, also elevated concentrations of cortisol at night. 28 Consequently, a successful surgical treatment of endogenous subclinical hypercortisolemia may result in iatrogenic subclinical hypercortisolemia.
The above concerns regarding the treatment of subclinical hypercortisolemia in patients with bilateral adrenal tumors prompt the following question: should all patients with bilateral adrenal tumors and subclinical hypercortisolemia undergo a surgery? The present paper is a voice in the debate on this issue.
PATIENTS AND METHODS
This was a prospective cohort study, which was part of a larger study of bilateral adrenal tumors. The inclusion criteria were as follows: the presence of bilateral adrenal tumors with benign phenotype and subclinical hypercortisolemia (the adopted criteria: cortisol of >3 µg/dl after administration of dexamethasone and quick increment of the body mass (>10 kg over 6 months) in 5 patients were additional indications for surgery. One female patient did not consent to the surgical treatment.
Unilateral laparoscopic adrenalectomy was performed in 22 patients. The choice of the operation side was based primarily on the result of scintigraphy (predominant radiotracer uptake). In cases with symmetric accumulation and in patients in whom scintigraphy was not performed, the adrenal gland with a larger tumor was removed. One woman with bilateral uptake on scintigraphy underwent a 2-stage surgery: during the first stage, the adrenal gland with the tumor larger by 1 cm was removed, but the smaller tumor was also excised after 6 months due to persistent hypercortisolemia, increase in body mass, and poor control of arterial hypertension. One man with 2 very large tumors (6 and 7 cm) underwent a 1-stage bilateral adrenalectomy.
The histopathological examination of the excised adrenal glands showed lesions typical of adrenocortical hyperplasia in 20 patients (83%) and of adenoma in 5 tumors from 4 patients (17%) (bilateral adrenocortical adenomas were diagnosed in the patient who underwent a bilateral adrenalectomy).
The patient who underwent a 1-stage bilateral adrenalectomy did not undergo a hormonal analysis after the surgery.
In the second month after the surgery, compared with the preoperative period, we observed a significant decrease in morning cortisol concentrations in all patients (8.6 ±2.9 vs. 17.9 ±4.2 µg/dl; P <0.001). Moreover, low concentrations of ACTH were maintained (5.6 ±2.4 pg/ml vs. 5.4 ±2.8 pg/ml; P = 0.4). Considering the above results, the hydrocortisone treatment was continued. During the second month after the surgery, hydrocortisone was withdrawn in 3 patients with cortisol concentrations above 10 µg/dl, and over the period of 6 months after the surgery, in 17 patients. Morning cortisol concentrations after 6 months were still significantly lower than those before the surgery (11.9 ±2.5 µg/dl vs. 16.5 ±4.2 µg/dl; P = 0.001). The evening cortisol concentrations were also low (4.9 ±1.5 µg/dl vs. 7.7 ±3.8 µg/dl; P = 0.04), and the concentrations of ACTH increased and then returned to normal values (18.2 ±7.2 pg/ml vs. 5.1 ±2.3 pg/ml; P = 0.001). Cortisol concentrations after dexamethasone suppression were normal, i.e., <3 µg/dl (1.97 ±0.9 µg/dl).
At 6 months after the surgery, secondary hypofunction of the adrenal cortex in the remaining adrenal gland was diagnosed in 6 patients on the basis of persisting suppression of ACTH (<10 pg/ml), low concentrations of cortisol in the morning (<10 mcg/dl), low 24-hour urinary excretion of cortisol and its metabolites (<25 mcg/d and <2.5 mg/d), and clinical symptoms (muscular pains, nausea, hypotension) after hydrocortisone withdrawal. Two years after the surgery, ACTH and cortisol concentrations At each visit, the patient's clinical status, including doses of the drugs used on a long-term basis, was assessed.
The results were presented as mean values ± standard deviation. The differences in the results before and after the surgery were assessed using the t test for dependent samples. A P value of less than 0.05 was considered statistically significant. All calculations were performed using Microsoft Excel and STATISTICA™ (StatSoft Inc.).
RESULTS
The group consisted of 21 women and 4 men (mean age, 59 ±4 years). The mean body mass index (BMI)was 28.2 ±3.7 kg/m 2 . Twenty patients (80%) were treated for arterial hypertension, 10 (40%) for diabetes, and 16 (64%) for hyperlipidemia. During the last year before the study, poor control of arterial hypertension (blood pressure of >140/90 mmHg despite using 3 to 5 antihypertensive drugs) was observed in 4 patients and diabetes in 5 (diabetes treatment was modified at least twice owing to HbA 1c levels exceeding 7%).
The mean morning cortisol concentration was normal (17.85 ±4.18 µg/dl), while the evening concentration was 8.84 ±4.24 µg/dl (elevated concentrations, i.e., >12.5 µg/dl, were observed only in 5 patients). By definition, after dexamethasone (1 mg) suppression, cortisol concentrations were elevated by 6.0 ±0.56 µg/dl. The DHEA concentration was 378.9 ±246.6 ng/ml and was below the normal ranges in 9 patients (36%).
Single tumors in both glands were present in 22 patients, and 2 or 3 tumors in one of the glands in 3 patients (>1 cm in diameter each). The diameters of the tumors were 3.7 cm ±2.8 cm on the right side and 5.8 cm ±24.7 cm on the left side. At least 1 tumor of more than 4 cm in diameter was detected in 17 patients (68%); such a size is an indication for surgery in Poland, independently of the patient's hormonal status. The mean density of tumors was -5.0 ±7.5; all but 1 lesions (96%) were lipid-rich (<+10 HU).
Scintigraphy was performed only in 15 patients because a radiotracer was temporarily unavailable in Poland at the time of the study. A unilateral uptake with no radioisotope accumulation in the contralateral adrenal gland was observed already 72 h after the administration of the radiotracer in 4 patients in this group (27%). A predominant accumulation (>66% of the total activity) in one of the adrenal glands was detected in 9 patients (60%). Two patients (13%) had a symmetrical uptake. The larger tumor was the predominant tumor in 11 cases on scintigraphy, whereas a predominant uptake was present in the smaller tumor in 2 subjects: a tumor smaller by 1 cm became visible in 1 case and that smaller by 2.3 cm in 1 other case.
Twenty-four patients underwent surgery. Apart from subclinical hormonal activity, the tumor diameter greater than 4 cm in 16 patients, drug-resistant arterial hypertension in 4 patients, poorly controlled diabetes in 5 patients, the surgery. The improvement in the health status was pronounced only in patients who had the following additional indications for surgery: poor control of blood pressure, poor control of glycemia, or quick uncontrolled increase in body mass. A clinical improvement was achieved in 14 patients (58%), which is in line with the results of other authors who reported an improvement in the lipid profile and decrease in body mass, glycemia, and arterial pressure following a successful surgery in 20% to 67% of the patients. 10-12 Iacobone et al. 22 described better effects of the surgical removal of bilateral tumors: it allowed to reduce the doses or withdraw antihypertensive and hypoglycemic drugs in all operated patients. 22 However, the study group consisted only of 7 individuals, of whom 6 had high arterial pressure despite the treatment, and 5 had poorly controlled diabetes; thus, as in our study, patients with pronounced clinical symptoms of hypercortisolemia benefited from the surgery. Giordano et al., 15 in a study of 128 patients with incidentalomas (including 14% with bilateral ones), did not report any differences in the incidence of diabetes, obesity, and hypertension between patients with and without subclinical hypercortisolemia. None of the patients showed clinical improvement after the surgery. Gordiano et al. 15 showed that concomitant diseases in patients with hypercortisolemia are not related to excess cortisol levels. Moreover, a recent experiment in rats demonstrated that the adrenal gland volume and cortisol levels are increased in fructose-induced type 2 diabetes. 29 In 1996, Reincke et al. 30 postulated that insulin resistance and diabetes may be the cause and not the result of bilateral adrenal lesions. 30 A poor control of diabetes or hypertension and a rapid increase in body mass can result from subclinical hormonal activity. The presence of such symptoms may be considered as the onset of a transition from subclinical hypercortisolemia to overt hypercortisolemia, but, on the other hand, some of our patients underwent surgery more than 6 months after the initial diagnosis and had no symptoms characteristic of Cushing syndrome. Moreover, deterioration in the clinical status and transition from subclinical hypercortisolemia to symptomatic Cushing syndrome was not observed in studies with long-term follow-up. 15, 31, 32 Two other studies demonstrated clinical deterioration in patients with subclinical hypercortisolemia, 10,11 although the negative changes involved mainly poor control of arterial pressure and diabetes, without transition to overt Cushing syndrome.
Considering the above, the decision to refer a patient with bilateral adrenal tumors for surgery has to be based first of all on the patient's clinical status rather than solely on the results of hormonal testing confirming subclinical hypercortisolemia. If no diabetes is present or if it is well controlled, if arterial pressure is well controlled with drugs, and no rapid increase in body mass occurs, a possible alternative to surgery might be returned to normal values in 2 patients and the other 4 continued hydrocortisone treatment.
Despite the effectiveness of surgical treatment confirmed by the lack of hypercortisolemia, a significant improvement in the clinical status was not observed in all patients. Normalization of blood pressure that allowed to reduce the doses of antihypertensive drugs was achieved in 3 of 4 patients with poorly controlled arterial hypertension (from 3-5 to 1-2 antihypertensive drugs, achieving blood pressure of <140/90 mmHg). It was possible to withdraw the drugs completely in 1 patient with newly diagnosed arterial hypertension and to reduce the doses of oral drugs and insulin in 5 patients with diabetes (of whom 4 had poorly controlled diabetes) and of insulin in 1 person. In 5 patients, we observed an improvement in the lipid profile, namely, a permanent decrease in low-density lipoprotein cholesterol or triglyceride levels (or both) that allowed to reduce the doses of hypolipemic drugs. The concentrations of lipid fractions were not included in the quantitative analysis because patients received statins or fibrates before and after surgery from primary health care physicians. The improvement expressed as a reduction in the dose or number of used drugs was observed in 14 patients (58%). Surprisingly, postoperative improvement was not so notable in patients with cortisol levels exceeding 5 µg/dl after dexamethasone suppression, i.e., above the oldest cut-off value for the diagnosis of hypercortisolemia (46% vs. 73%), or in patients with a tumor size exceeding 4 cm in diameter, which is an independent indication for surgery (50% vs. 63%). The results for individual patients are presented in the TABLE.
We did not observe a significant decrease in the concentration of HbA 1c in the whole study group. However, the concentration decreased significantly in 10 patients with type 2 diabetes compared with those without diabetes (FIGURE 1).
Six months after the surgery, the patient's body mass decreased by a mean of 3.9 ±5.8 kg, which resulted in a decrease of the mean BMI in the whole group from 28.2 ±3.7 kg/m 2 to 26.4 ±2.9 kg/m 2 (P = 0.003). The body mass decreased by 7 to 15 kg (mean, 11.6 ±3.6 kg) in 5 women who reported an increase in body mass exceeding 10 kg over 6 months before the surgery. The BMI decreased in the subgroup of 9 patients with obesity, whereas it did not decrease significantly in patients with normal body mass or in overweight patients (FIGURE 2). The BMI also decreased significantly in the subgroup of 10 diabetic patients, whereas no significant changes in the BMI were observed in the subgroup without diabetes after the surgery (FIGURE 3) . DISCUSSION The concentrations of ACTH and cortisol after the dexamethasone suppression test returned to normal in 22 of 23 patients who underwent unilateral adrenalectomy. However, the normalization of hormone levels was not always associated with a good clinical outcome of pharmacological treatment and close monitoring of the patients. This is in line with a review by Terzolo et al. 33 in which they suggested that patients between 50 and 70 years of age should undergo a surgery only if concomitant diseases are poorly controlled and recommended monitoring only of patients over 70 years of age. This may be compared to primary hyperaldosteronism, which is not an indication for surgery itself because, in many cases, the treatment with mineralocorticoid receptors blockers is sufficient for blood pressure control, while operated patients do not achieve improvement. 34 In conclusion, although unilateral adrenalectomy allows to cure subclinical hypercortisolemia in patients with bilateral adrenal tumors, the improvement in the hormonal status does not lead to clinical improvement in all patients. Only patients with poor control of diabetes or hypertension and a rapid increase in body mass before surgery may benefit from surgical treatment. 
